Abstract. The present study aimed to investigate the effect of microRNA-150 (miRNA/miR-150) in osteosarcoma (OS) cell invasion and metastasis by the regulation of Ezrin. To compare the differences in the expression of miR-150 and Ezrin, cell models of OS metastasis were established by exogenous transfection of miR-150 on the basis of different expression levels of miR-150. Reverse transcription-quantitative polymerase chain reaction (RT-qPCR) was used to estimate these expression levels. Ezrin expression was detected by western blot assay. Methylthiazolyldiphenyl-tetrazolium bromide assay was performed to determine cells proliferation. Cell invasion and migration were measured in vitro by Transwell migration assays. Detection of apoptosis adopted flow cytometry. The results of RT-qPCR showed that the miR-150 expression in OS F5M2 cells was significantly increased following exogenous transfection of miR-150 mimics, and the expression of miR-150 was positively correlated with the concentration of the miR-150 mimics. Western blot assay indicated that the Ezrin expression in the F5M2 cells was decreased with the exogenous overexpression of miR-150. Additionally, Transwell assays revealed that the overexpression of miR-150 significantly suppressed the invasion and metastasis ability of the F5M2 cells. miR-150 upregulation may reduce OS cell invasion and metastasis by downregulating the expression of Ezrin.
Introduction
Osteosarcoma (OS), known as the most common primary malignant tumor arising from bone, is derived from mesenchymal cells, which generate osteoid and immature bone (1) (2) (3) . It has been demonstrated that OS has a significant age distribution; the first peak appears during adolescence (10-14 years old), and the second peak occurs in elderly adults (>65 years) (1) . Although advanced treatments, such as surgery, chemotherapy and radiotherapy, are used, the 5-year survival rate of OS patients is 60-70% (4). It has been reported that the morbidity of males diagnosed with OS is 1.4 times higher than that of females (5) . Furthermore, OS mainly occurs in the long bones, particularly in the metaphyses, proximal tibia, proximal humerus and distal femur, while ~10% of OS occurs in the axial skeleton, most frequently in the pelvis (5, 6) . Meanwhile, ~30% of OS patients have the potential for pulmonary metastatic disease, and the 5-year survival rates are considered to be <20% (7) . It has been shown that the pathogenesis of OS contributes to the interactions between genetic and environmental risk factors, including smoking, air population and ionizing radiation (4, (8) (9) (10) . Numerous studies have focused on the association of microRNAs (miRNAs/miRs) and the development of OS and its underlying mechanisms (1, 10) .
miRNAs are a class of novel small non-coding RNA molecules that can regulate the gene expression of target mRNA in animals and plants (11) (12) (13) . Previous studies have suggested that miRNAs exhibit significant functions in certain physiological processes, including cell proliferation, differentiation, apoptosis, angiogenesis, stress resistance and the self-renewal of stem cells (14, 15) . In addition, miRNAs may function as tumor suppressors and oncogenes in specific cases, and certain miRNAs are also viewed as candidate targets for intervention therapy or molecular markers for the early diagnosis and prognosis of tumors (16) (17) (18) . Recently, studies have demonstrated that various miRNAs, including miR-125b, miR-143, miR-20a, miR-199a-3p, miR-34a and miR-150, may be closely associated with tumor metastasis and invasion in OS (19, 20) . Among them, miR-150, which is abundant in lymphocytes, acts as a sensitive marker that indicates bone marrow damage and lymphocyte depletion (21, 22) . It is well documented that miR-150 plays an essential role as an oncogene in different tumors, including gastric cancer, OS, lung cancer and hepatoblastoma (23, 24) . Ezrin, known as a member of the Ezrin-Radixin-Moesin protein family, is a cytoskeleton linkage protein that actively participates in the regulation of growth and metastasis of cancer cells (25) . Ezrin is also defined as a predominant component of the surface structure of cells, being involved in adhesion to the extracellular matrix, cell-to-cell communication and the signaling pathway of receptor tyrosine kinase (26) . Due to the function of membrane-cytoskeleton linking, Ezrin has been found to be essential for the metastasis of OS in a rat model, while the high expression of Ezrin in dogs with OS has also been correlated with the early progress of metastasis (27) . The present study aimed to investigate the effect of miRNA-150 on the proliferation and metastasis of the human OS F5M2 cell line, in order to provide a basis for the treatment of OS.
Materials and methods
Cells culture and grouping design. The human OS F5M2 cell line was acquired from the American Type Culture Collection (Manassas, VA, USA) and cultured in RPMI-1640 medium that contained 10% fetal bovine serum (FBS; Gibco, Life Technologies, Carlsbad, CA, USA), 100 U/ml penicillin G and 100 U/ml streptomycin (Invitrogen, Life Technologies, Carlsbad, CA, USA) at 37˚C with 5% CO 2 . The optimal F5M2 subline during logarithmic growth phase was harvested with 0.05% trypsin (containing 0.02% EDTA). The cells were cultured in 50 ml complete culture medium, and grown to 30-50% density. Lipofectamine ® 2000 (Invitrogen, Life Technologies) and miR-150 mimic/miR-150 inhibitor/miR-150 negative control were prepared in a sterile Eppendorf tube (Eppendorf microfuge, Brinkmann Instruments, Inc., Westbury, NY, USA). The diluted miR-150 mimic/miR-150 inhibitor/miR-150 negative control and Lipofectamine 2000 were mixed gently to a total volume of 100 µl, and incubated at room temperature for 20 min. A total of 100 µl of transfection solution was added to each cell with gentle agitation. Cells were subsequently incubated at 37˚C in an atmosphere of 5% CO 2 , followed by removal of transfection solution and replacement with complete medium 6-8 h later. Following 48 to 72 h of culture, the cells were harvested and the total protein was extracted. The experiment was repeated 3 times for each group.
The study was approved by the ethics committee of the Second Military Medical University (Shanghai, China).
Proliferation assay. Transfected F5M2 cells of each group were seeded in seven 96-well plates (1x10 4 cells per well) using methylthiazolyldiphenyl-tetrazolium bromide (MTT) assay (Sigma-Aldrich, St. Louis, MO, USA). The absorbance (OD value) was determined at 490 nm (one plate per day) on a microplate spectrophotometer (SpectraMax, Molecular Devices, Sunnyvale, CA, USA). After seven days, the average absorbance was calculated. Cell growth curves were obtained for the comparison of growth conditions among groups.
Cell migration in vitro. Transwell inserts (24-well insert; pore size, 8 µm) were applied to investigate the effect of miR-150 on the migration and invasion of the F5M2 cells. Transwell inserts were coated with Matrigel (50 µl per filter) (BD Biosciences, Franklin Lakes, NJ, USA) based on the manufacturer's instructions. Following transfection, the F5M2 cells were transferred onto the Matrigel-coated upper inserts (at a density of 1x10 5 per Transwell), which contained serum-free Dulbecco's modified Eagle's medium (DMEM) and then incubated at 37˚C for 48 h. DMEM containing 10% FBS was added to the lower inserts and further incubation was performed for 24 h. The cells which migrated to the lower inserts were fixed with 90% ethanol and stained with crystal violet, and the cells that remained on the top of the filters were scrubbed off. Six random visual fields of each insert were counted subsequent to being observed under a microscope. Migration assay was performed in the same manner as the aforementioned procedures but without the Matrigel coating. The cells that penetrated the upper side of the membrane were fixed with ethanol and stained. Finally, the cells were counted under a microscope (Eclipse E600; Nikon Inc., Melville, NY, USA). 
Reverse transcription-quantitative polymerase chain reaction (RT-qPCR).
Total RNA was isolated using TRIzol reagent (Invitrogen, Life Technologies) and then reverse transcription was performed. Designed PCR primers for miR-150 were as follows: Forward, 5'-TGTCCTGCGGGAGTGGTA-3' and reverse, 5'-TGATGCTGGTGGGTCTGC-3' . The length of the PCR product was 387 bp. Primers were synthesized by Invitrogen (Shanghai, China). PCR conditions were predenaturation at 95˚C for 5 min, denaturation at 94˚C for 50 sec, annealing at 58˚C for 50 sec and elongation at 72˚C for 1 min, for a total of 30 cycles. PCR products were separated by electrophoresis on 2% agarose gels and then the results were analyzed.
Western blotting. Total proteins were extracted and detected by western blot analysis. For further study, the protein was electrophoresed by 12% SDS-PAGE, then transferred onto polyvinylidene difluoride (PVDF) membranes (EMD Millipore, Billerica, MA, USA). Subsequent to being blocked with 10% skimmed milk for 1 h, the membranes were washed with TBS. The goat polyclonal antibody against ezrin (C-15; di1ution, 1:200; Santa Cruz Biotechnology Inc., Dallas, TX, USA), was added at a 1:1,000 dilution, using U6 as the internal control; horseradish peroxidase (HRP)-labeled immunoglobulin G (Jackson ImmunoResearch, West Grove, PA, USA) was supplemented as the secondary antibody at a 1:1,000 dilution.
Subsequently, chemiluminescence immunoblotting detection reagents were applied to the PVDF membranes. X-ray was utilized for exposure and visualization, and then the expression level of Ezrin was analyzed by the intensity of electrophoresis.
Statistical analysis. Statistical analyses were conducted using SPSS 18.0 software (SPSS, Inc., Chicago, IL, USA). Data were expressed as the mean ± standard deviation. Measurement data were by compared by applying a t-test. P<0.05 was considered to indicate a statistically significant difference.
Results

Expression of miR-150 and Ezrin protein. miR-150 expression in each group was detected by RT-qPCR and the 2 -ΔΔCT
method. Higher miR-150 expression levels were detected in the miR-150 low-dose and high-dose groups compared with the control group at 48 h post-transfection (both P<0.05). When compared with the control group, the expression of miR-150 was evidently decreased (both P<0.05), while there was no statistically significant difference between the control and the NC groups (P>0.05) ( Table I ). The level of Ezrin expression in each group was detected by western blot analysis. It was observed that Ezrin expression levels in the low-dose and high-dose groups were notably lower than that in the control group, and the expression of Ezrin in the high-dose group was markedly reduced compared with the low-dose group (Fig. 1) .
Migration ability of F5M2 cells and transfected F5M2 cells.
A paired samples t-test was applied to compare the migration ability through the poly-carbonate membrane in the Transwell experiment. Subsequent to being transfected with miR-150, the migration ability of the miR-150 low-dose and high-dose groups decreased in contrast to the F5M2 control cells without Compared with the control group, no significant effect on migration ability was found in the NC and inhibitor groups (both P>0.05) (Fig. 2) .
Proliferation and apoptosis of F5M2 cells. The absorbance of untreated F5M2 cells, F5M2 cells transfected with high-dose miR-150 mimics, F5M2 cells transfected with low-dose miR-150 mimics, F5M2 cells transfected with inhibitors and F5M2 cells in the NC group were continuously detected for seven days, and then growth curves were drawn (Fig. 3) .
According to the MTT assay, the cell growth curves of the F5M2 cells in the different groups were close to each other, indicating no marked differences between the proliferation of the groups (P>0.05). The cell growth curves of the F5M2 cells in the high-dose and control groups also showed no significant differences (P>0.05). Fig. 4 shows that the apoptotic capacity of the high-dose and low-dose miR-150-transfected F5M2 cells did not differ from that of the control F5M2 cells upon flow cytometry (P>0.05). Additionally, no marked statistical difference in the total apoptosis rate was observed between the NC and control groups (P>0.05).
Discussion
The results of the present study showed that the expression of miR-150 in the OS cells significantly improved after the exogenous transfection of miR-150 mimics. Watanabe et al reported that miR-150 can suppress malignant lymphoma by activating the phosphoinositide 3-kinase-Akt pathway (28).
Yokobori et al observed that regulation of miR-150 expression in esophageal squamous cell carcinoma could inhibit malignant potential, such as lymph node metastasis and invasion, by controlling the activity of zinc finger E-box binding homeobox 1 (29) . Thus, analysis of previous studies concluded that the expression of miR-150 in highly metastatic OS is lower than that in less metastatic OS. It was also indicated that the expression of miR-150 in F5M2 cells may be improved through the transfection of miR-150 mimics (30) . Similarly, the present study suggested that the expression of miR-150 shows a positive association with the transfection concentration of miR-150 mimics. Another pivotal result from the present study was that the exogenous overexpression of miR-150 may lead to a significant decrease in the invasion and metastasis ability of F5M2 cells, indicating a negative dose-dependent association. In addition, miR-150 had no significant effect on the ability for proliferation and apoptosis in the F5M2 cells. One potential explanation for this may be that the overexpression of miR-150 could contribute significantly to the reduction in the migration and invasion ability of OS F5M2 cells in vitro; the relatively higher concentration of exogenous miR-150 appears to be correlated with the inhibitory effect on the migration and invasion of tumor cells (25, 31) . Studies have demonstrated that the metastatic ability of OS is inversely associated with the expression levels of miR-150. Additionally, the expression level of miR-150 is inversely associated with the expression of Ezrin, as observed in the present study, suggesting that miR-150 may inhibit the expression of Ezrin to a certain extent (32, 33) .
Ezrin has been suggested to play a role in the physical and functional connections between the actin cytoskeleton and the cell membrane (34) . Moreover, Ezrin also has effects on maintaining cell shape and cell polarity, participating in membrane-interacting pathways, and the migration, signaling, growth regulation and differentiation of cells; due to the unique functions of Ezrin, the protein has been considered to be involved in the metastatic capacity of cancer (25) . According to the result of the present study, it was concluded that the level of Ezrin in cells may not only be the marker that distinguishes tumors from non-tumors, but also that it 
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may predict the metastatic potential of tumor cells, which is of significance for clinical guidance in the estimation of OS metastasis and its prognosis. Moreover, the level of Ezrin expression is positively correlated with the metastatic ability of OS, suggesting that a decrease in Ezrin expression is a positive predictive factor of the overall survival rate of patients with OS (27) . Therefore, the expression of Ezrin can be considered as a novel area research for the treatment of OS metastasis (35) . We also postulate that the expression of Ezrin may be adversely associated with miR-150 expression. Accordingly, the exogenous overexpression of miR-150 may decrease the metastasis of OS through downregulating the expression of Ezrin (30) . Furthermore, with an increase in exogenous miR-150, the inhibition of Ezrin expression secreted by F5M2 cells becomes more apparent (36) . Thus, there may be a dependent association between the inhibition of Ezrin expression and the dosage of exogenous miR-150 in F5M2 cells.
However, certain limitations existed in the present study that may merit a further investigation. Firstly and importantly, the sample size may have been too small to adequately address the role of exogenous miR-126 in OS via targeting Ezrin expression. Moreover, the retrospective study design will have affected the grouping of the cases and controls. With respect to those limitations, larger multi-center randomized controlled trials are necessary for the verification of these findings.
Collectively, miR-150 was negatively correlated with the invasion and metastatic ability of the OS cells, while a positive correlation was found with Ezrin expression. The elevated exogenous expression of miR-150 could inhibit the invasion and metastatic ability of F5M2 cells via negatively regulating Ezrin and have no significant effect on proliferation and apoptosis, in turn providing a novel molecular target for the therapeutic intervention in OS.
